T was isolated from mangrove soil of the Tanjung Lumpur forest in Pahang,
species. Chemotaxonomically, the peptidoglycan type was A3a, containing the amino acids lysine, serine, glycine, alanine, glutamic acid and muramic acid. The whole-cell sugars detected were rhamnose, ribose, glucose, galactose and a smaller amount of mannose. The polar lipids consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and five unidentified glycolipids. The major fatty acids (.10.0 %) of the cell membrane were anteiso-C 15 : 0 (39.4 %), C 18 : 1 v7c (17.7 %), anteiso-C 17 : 0 (17.2 %) and iso-C 16 : 0 (11.4 %). The predominant respiratory quinones detected were MK-9(H 2 ) and MK-9. The DNA G+C content was 67.3 mol%. A comparison of BOX-PCR fingerprints indicated that strain MUSC 117 T represented a unique DNA profile. Results based on a polyphasic approach showed that strain MUSC 117
T represents a novel species of the genus Sinomonas, for which the name Sinomonas humi sp. nov. is proposed. The type strain of Sinomonas humi sp. nov. is MUSC 117 T (5DSM 29362 T 5MCCC 1K00410 T 5NBRC 110653 T ).
The genus Sinomonas was established by Zhou et al. (2009) with the description of the strain Sinomonas flava CW 108 T and the reclassification of Arthrobacter atrocyaneus as Sinomonas atrocyanea (type strain DSM 20127 T ) (Kuhn & Starr, 1960; Zhou et al., 2009) . Following the publication of the genus Sinomonas, the description of Sinomonas soli and reclassification of Arthrobacter echigonensis and Arthrobacter albidus (Ding et al., 2009) as Sinomonas echigonensis and Sinomonas albida occurred (Zhou et al., 2012) . At the time of writing, the genus Sinomonas comprised seven species (http://www.bacterio.net/): the type species S. flava and S. atrocyanea (Zhou et al., 2009) , S. albida, S. echigonensis, S. soli, 'Sinomonas notoginsengisoli' and 'Sinomonas mesophila' (Zhou et al., 2012; Prabhu et al., 2014; Zhang et al., 2014) . Members of these species were isolated from habitats such as polluted forest soil and filtration substrate (Ding et al., 2009; Zhou et al., 2009 Zhou et al., , 2012 . DNA-DNA hybridization assays were vital for the identification of novel species in the genus Sinomonas since the 16S rRNA gene sequence similarity between closely related type strains is more than 98 % for strains S. albida LC13 T and S. echigonensis LC 10 T , and more than 99.4 % for S. atrocyanea DSM 20127 T , S. flava CW 108 T and S. soli CW 59
T . On the basis of data from a polyphasic approach, we describe a novel species of the genus Sinomonas, Sinomonas humi sp. nov., an actinobacterial isolate from the mangrove environment in Malaysia.
A study was undertaken to investigate the bacterial diversity in mangrove forest with the aim of isolating amylolytic strains. A series of bacteria were isolated from a mangrove soil sample, one of which produced significant starch hydrolysis activity and was chosen for further study. The polyphasic analysis of this strain, MUSC 117 T , suggested that it belonged to the genus Sinomonas (Zhou et al., 2009 (Zhou et al., , 2012 . Strain MUSC 117 T was isolated from a soil sample collected at site MUSC-TLS1 (3 u 489 3.20 N 103 u 209 11.00 E), located in the mangrove forest of Tanjung Lumpur in the state of Pahang, Peninsular of Malaysia, in December 2012. Topsoil samples of the upper 20 cm layer (after removing the top 2-3 cm) were collected and sampled into sterile plastic bags using an aseptic metal trowel, and stored at 220 u C. Air-dried soil samples were ground with a mortar and pestle. Selective pretreatment of soil samples was performed using wet heat in sterilized water (15 min at 50 u C; Takahashi et al., 1996) . Five grams of the pretreated air-dried soil was mixed with 45 ml sterilized water and mill ground, spread onto isolation medium: starch casein agar (SCA; Küster & Williams, 1964) supplemented with cycloheximide (25 mg ml
21
) and nystatin (10 mg ml 21 ), then incubated at 28 u C for 7 days. Pure cultures of strain MUSC 117
T were maintained on ISP2 medium (Shirling & Gottlieb, 1966) at 28 u C and as glycerol suspensions (20 %, v/v) (Shirling & Gottlieb, 1966) , SCA, Streptomyces agar (SA; Atlas, 1993) , Actinomycetes isolation agar (AIA; Atlas, 1993) and nutrient agar (MacFaddin, 2000) for 7 days at 28 uC. The Inter-Society Color CouncilNational Bureau of Standards (ISCC-NBS) colour charts (Kelly, 1964) were used to determine the names and designations of the colony colours. Light microscopy (80i; Nikon) and scanning electron microscopy (JSM-6400; JEOL) were used to observe the morphology of the strain after incubation on ISP2 medium at 28 u C for 7 days. Gram staining was performed by using the standard Gram reaction and was confirmed by using KOH lysis (Cerny, 1978) . Growth was tested at 10-44 u C at intervals of 4 u C on ISP2 medium. The pH range for growth was tested between pH 4.0 and 10.0 at intervals of 1 pH unit. NaCl tolerance was tested using tryptic soy broth (casein, 17 g; soybean meal, 3 g; glucose, 2.5 g; dipotassium hydrogen phosphate, 2.5 g; distilled water, 1 l; pH 7.3) and NaCl concentrations ranging from 0-18 % (w/v) at intervals of 2 %. Haemolytic activity was assessed in blood agar medium containing 5 % (w/v) peptone, 3 % (w/v) yeast extract, 5 % (w/v) NaCl and 5 % (v/v) human blood (Carrillo et al., 1996) . Plates were examined for haemolysis after incubation at 32 u C for 7 days. Amylase, cellulase, chitinase, lipase, protease and xylanase activities were determined by growing cells on ISP2 medium following protocols as described by Meena et al. (2013) . Presence of a clear zone around colonies signifies the potential of isolates for surfactant production. Catalase activity and production of melanoid pigments were determined following protocols described by Lee et al. (2014a) . Antibiotic susceptibility tests were performed by using the disc diffusion method as described by Shieh et al. (2003) . Antimicrobials used and the amounts per disc (Oxoid) were as follows: ampicillin (10 mg), ampicillin sulbactam (30 mg), cefotaxime (30 mg), cefuroxime (30 mg), cephalosporin (30 mg), chloramphenicol (30 mg), ciprofloxacin (10 mg), erythromycin (15 mg), gentamicin (20 mg), nalidixic acid (30 mg), penicillin G (10 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg). Carbon source utilization and chemical sensitivity assays were determined using Biolog GenIII MicroPlates according to the manufacturer's instructions. All of the physiological assays mentioned were tested concurrently for strains MUSC 117 T and the type strains of closely related species of the genus Sinomonas are described in the species description and in Table 1 .
Genomic DNA extraction for PCR was performed as described by Hong et al. (2009) . PCR amplification of the 16S rRNA gene was completed as described by Lee et al. (2014b) . The 16S rRNA gene sequence of strain MUSC 117 T was aligned with sequences of closely related type strains that had been retrieved from the GenBank/EMBL/ DDBJ databases using CLUSTAL X software (Thompson et al., 1997) . The alignment was verified manually and adjusted prior to the reconstruction of phylogenetic trees using the neighbour-joining (Saitou & Nei, 1987) and maximumlikelihood (Felsenstein, 1981) algorithms with MEGA version 5.2 software (Tamura et al., 2011) . The EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) was used for calculations of sequence similarity. The stability of the resultant tree topologies was evaluated by using the bootstrap resampling method of Felsenstein (1985) . Evolutionary distances were computed using Kimura's two-parameter model (Kimura, 1980) . The almost complete 16S rRNA gene sequence was established for strain MUSC 117 T (1493 bp) and phylogenetic trees were reconstructed to decide the phylogenetic position of this strain (Figs 1 and 2 ). Phylogenetic analysis showed that strain MUSC 117 T was closely related to all of the type strains of species of the genus Sinomonas as they formed a distinct clade supported by a high bootstrap value (100 %), indicating the highest confidence level of this association (Fig. 1) . Moreover strain MUSC 117
T formed a distinctive subclade with type strain S. albida LC13 T supported by high bootstrap values of 99 % (Fig. 1 ) and 97 % (Fig. 2) . Analysis of the 16S rRNA gene sequence of strain MUSC 117 T showed that this isolate had highest similarity to the type strain S. atrocyanea DSM 20127 T (98.0 %), followed by S. albida LC13 T (97.9 %) and S. soli CW 59
T (97.8 %), whereas sequence similarities of less than 97.6 % were obtained to other species of the genus Sinomonas. DNA-DNA hybridization has been vital in the identification of novel species in the genus Sinomonas as the 16S rRNA gene sequence similarities between type strains are .98 % for some strains, and 99.5 % as described for S. atrocyanea DSM 20127 T and S. soli CW 59 T .
Biomass for molecular systematic studies and freezedried cells for chemotaxonomic studies were obtained after growing in tryptic soy broth at 28 u C for 7 days on a rotary shaker. Genomic DNA extraction and DNA-DNA hybridization of strain MUSC 117 T and closely related type strains were carried out by the Identification Service of the DSMZ (Braunschweig, Germany). Genomic DNA extraction from strain MUSC 117 T , S. atrocyanea NBRC 12956 T , S. albida JCM 21830 T and S. soli KCTC 19389 T was performed as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) T (20.8±2.7 %) were significantly lower than 70 %, the threshold value for the delineation of genomic species (Wayne et al., 1987 T using the primer BOX-A1R (59-CTACGGCAAGG-CGACGCTGACG-39) (Versalovic et al., 1991; Lee et al., 2014c) . The PCRs were performed in a final volume of 50 ml according to protocol of SolGent 26 Taq Plus PCR Smart mix using a Kyratec PCR Supercycler with cycling conditions as described by Lee et al. (2014d) . PCR products were visualized by 2 % agarose gel electrophoresis. The rep-PCR results showed that strain MUSC 117
T exhibited a unique BOX-PCR fingerprint compared with closely related type strains (Fig. S1 , available in the online Supplementary Material), therefore supporting the results of DNA-DNA hybridization that strain MUSC 117 T represents a novel species.
Analysis of the peptidoglycan amino acid composition and whole-cell sugars of strain MUSC 117 T was carried out by Identification Service of the DSMZ. The analyses were carried out according to Schumann (2011) . The total hydrolysate (4 M HCl, 16 h, 100 u C) of the peptidoglycan of strain MUSC 117 T contained the amino acids lysine (Lys), serine (Ser), glycine (Gly), alanine (Ala), glutamic acid (Glu) and muramic acid (Mur). The molar ratio was 1.0 Lys : 0.9 Ser : 0.7 Gly : 2.5 Ala : 1.8 Glu : 0.9 Mur. The identity of these amino acids was confirmed by agreement of the GC retention time with those of authentic standards and by characteristic mass spectrometric fragment ions of the derivatives. The partial hydrolysate (4 M HCl, 0.75 h, 100 u C,) of the peptidoglycan contained the peptides LAla-D-Glu, D-Glu-Gly, L-Ala-D-Ala, L-Ser-L-Ala, L-Lys-L-Ser and L-Lys-D-Ala. From these analytical data, it was concluded that strain MUSC 117
T contained the peptidoglycan type Colony colour (on AIA)* YW YW YW POY PY Growth at: A3a (Schleifer & Kandler, 1972) , which is consistent with the peptidoglycan type reported for type strains of species of the genus Sinomonas (Schleifer & Kandler, 1972; Koch et al., 1995; Zhou et al., 2009 Zhou et al., , 2012 . The whole-cell sugars detected for strain MUSC 117 T were rhamnose, ribose, glucose, galactose and a smaller amount of mannose. Strain MUSC 117
T contained sugars such as ribose, galactose and rhamnose, which were detected in other species of the genus Sinomonas (Zhou et al., 2009 (Zhou et al., , 2012 T and related type strains was harvested from tryptic soy broth after incubation at 28 u C for 2 days. The fatty acids were extracted and prepared according to the standard protocol of the MIDI (Microbial Identification) system (Sasser, 
Arthrobacter albus CF43 T (AJ243421)
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Nocardia inohanensis IFM 0092 T (AB092560) Fig. 1 . Phylogenetic tree calculated using the neighbour-joining algorithm indicating the phylogenetic relationship of strain MUSC 117 T to members of species of the genus Sinomonas. There were a total of 1334 positions in the final dataset.
Bootstrap values (.50 %) based on 1000 resampled datasets are shown at branch nodes. Bar, 10 substitutions per 1000 nucleotide positions. Asterisks indicate that the corresponding nodes were also recovered using the maximum-likelihood treemaking algorithm. Bootstrap values (.50 %) based on 1000 resampled datasets are shown at branch nodes. Bar, 20 substitutions per 1000 nuceotide positions. Asterisks indicate that the corresponding nodes were also recovered using the neighbour-joining treemaking algorithm.
1990). The complete fatty acids profiles of strain MUSC 117 T and closely related type strains are shown in Table 2 . The major cellular fatty acids were anteiso-C 15 : 0 (39.4 %), C 18 : 1 v7c (17.7 %), anteiso-C 17 : 0 (17.2 %), iso-C 16 : 0 (11.4 %) and iso-C 15 : 0 (9.8 %). Other fatty acids detected were iso-C 17 : 0 (1.6 %), C 16 : 0 (1.5 %), and trace amounts of iso-C 14 : 0 , C 14 : 0 and C 15 : 0 (Table 2 ). The fatty acids profile of MUSC 117
T was consistent with those of closely related type strains such as S. atrocyanea NBRC 12956 T , S. albida JCM 21830
T and S. soli KCTC 19389 T , which contained fatty acids anteiso-C 15 : 0 (39.4-57.4 %), anteiso-C 17 : 0 (8.8-22.1 %) and iso-C 16 : 0 (4.1-11.4 %) as their major fatty acids. However, strain MUSC 117
T contained a fatty acid, C 18 : 1 v7c (17.7 %), that was not detected in any of the related type strains ( Table 2 ).
Analysis of respiratory quinones and polar lipids was carried out by the Identification Service of the DSMZ. The cellular polar lipids were extracted and analysed by TLC (Kates, 1986) . The predominant menaquinones detected were MK-9(H 2 ) (86 %) and MK-9 (9 %). Minor amounts of MK-10(H 2 ) (1 %) and MK-8 (,1 %) were also detected. This menaquinone composition is in agreement with the report of Zhou et al. (2012) that the predominant menaquinone of members of the genus Sinomonas is MK-9(H 2 ). The polar lipids consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and five unidentified glycolipids (Fig. S2) . These polar lipids are commonly found in the type strains of species of the genus Sinomonas (Zhou et al., 2009 (Zhou et al., , 2012 .
Genomic DNA of strain MUSC 117
T for the determination of G+C content was extracted according to the protocol of Cashion et al. (1977) . The G+C content of the DNA was determined by HPLC (Mesbah et al., 1989) . The DNA G+C content of strain MUSC 117 T was 67.3 mol%; this is within the range of 66.9-71.8 mol% reported for species of genus Sinomonas (Zhou et al., 2012) . On the basis of phenotypic, DNA-DNA hybridization, chemotaxonomic and phylogenetic analyses, strain MUSC 117 T merits assignment to a novel species of the genus Sinomonas, for which the name Sinomonas humi sp. nov. is proposed.
Description of Sinomonas humi sp. nov.
Sinomonas humi (hu9mi. L. gen. n. humi of soil, ground).
Cells stain Gram-positive and are strictly aerobic, nonmotile and bent rods. Colonies are circular, convex and form yellowish-white-pigmented colonies on all different media tested. Good growth is observed on ISP2 medium, AIA, SA and nutrient agar after 7 days at 28 u C; cells grow moderately on SCA, while cells grow poorly on ISP7 medium. Using tryptic soy broth, the NaCl tolerance, temperature and pH ranges for growth are 0-4 % (w/v), 24-40 u C, pH 5.0-8.0, respectively, and optimal growth occurs at 0-2 % NaCl, 28-36 u C and pH 6-7. Cells are positive for catalase and amylase activity, but negative for cellulase, chitinase, xylanase, protease, lipase and haemolytic activities. The utilization of the following compounds as sole carbon sources can be used for differentiation from closely related type species of the genus Sinomonas: cellobiose, sucrose, stachyose, a-D-glucose, D-fucose, D-fructose 6-phosphate, D-aspartic acid and a-ketoglutaric acid. The following compounds are not utilized as sole carbon sources: Dsalicin, D-mannitol, D-glucose 6-phosphate, gelatin, pectin, D-galacturonic acid, mucic acid, L-lactic acid, bromosuccinic acid, b-hydroxy-DL-butyric acid, acetoacetic acid and propionic acid. Sole nitrogen sources such as L-alanine are not utilized. In chemical sensitivity assays, cells are sensitive to Dserine and potassium tellurite; resistant to nalidixic acid and lithium chloride. Cells are sensitive to ampicillin, ampicillin sulbactam, cefotaxime, cefuroxime, cephalosporin, chloramphenicol, ciprofloxacin, erythromycin, gentamicin, penicillin G, streptomycin, tetracycline and vancomycin. The peptidoglycan is of type A3a, containing the amino acids lysine, serine, glycine, alanine, glutamic acid and muramic acid. The whole-cell sugars are rhamnose, ribose, glucose, galactose and a smaller amount of mannose. The polar lipids consist of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and five unidentified glycolipids. The major fatty acids are anteiso-C 15 : 0 , C 18 : 1 v7c, anteiso-C 17 : 0 and iso-C 16 : 0 . The predominant respiratory quinones are MK-9(H 2 ) and MK-9. 
